The miscibility and interactions of poly(vinyl nitrate) (PVN) / poly(vinyl methyl ketone) (PVMK) and poly(ethylene-co-vinyl nitrate) (EVN) / PVMK blends were investigated by differential scanning calorimetry and Fourier transform infrared spectroscopy (FTIR). PVN/PVMK blends were found to be miscible in the entire composition and temperature range. In addition, the compositional dependence of the glass transition temperature showed a positive deviation from the linear additivity rule, a phenomenon normally associated with compounds having attractive interactions. However, in this case, no attractive interactions between PVN and PVMK were identified by FTIR analyses. On the other hand, EVN/PVMK blends were found to be immiscible for most copolymer compositions, blend compositions and temperature ranges. Furthermore, intramolecular repulsive interactions of EVN were not apparent despite strong contrary expectations. Therefore, the phase behaviour in these blends was explained by a miscibility mechanism different from that of conventional polymer blends containing random copolymers.
Introduction
The miscibility of a dissimilar polymer pair is easily affected by intra-and intermolecular interactions due to an extremely small contribution of entropy to the free energy of mixing [1, 2] . In order to develop a miscible polymer mixture, attractive interactions between dissimilar polymer pairs are needed and have been examined in many studies [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . In dissimilar polymer mixtures with no attractive interactions between different components, it is well known that repulsive interactions within a polymer enhance its miscibility with other ones [14] [15] [16] [17] [18] [19] [20] [21] [22] .
Since poly(vinyl nitrate) (PVN) has negative charges in pendant groups, electrostatic repulsions between PVNs are expected. In addition, it is also expected that the electrostatic repulsions between vinyl nitrate (PVN) groups are moderated by random copolymerization of different co-monomers. Hence, a polymer blend containing PVN or its random copolymer should show a unique phase behaviour. Thus, in this study, we focus on miscibility and interactions in blends of PVN and poly(ethylene-co-vinyl nitrate) (EVN) with poly(vinyl methyl ketone) (PVMK).
Experimental part

Materials
Poly(vinyl methyl ketone) (PVMK, M w = 5.0 · 10 5 ) was purchased from Aldrich Chemical Co., Inc. Poly(vinyl nitrate) (PVN) and 3 types of Poly(ethylene-co-vinyl nitrate)s (EVNs) were synthesized by ester condensation of poly(vinyl alcohol) (PVAL) and poly(ethylene-co-vinyl alcohol) (EVAL) with nitric acid [23] [24] [25] . PVAL and EVAL were kindly provided by Kuraray Co., Ltd. PVAL or EVAL were dissolved in a mixture of fuming nitric acid with acetic anhydride and converted into PVN and EVN, respectively. Resulting PVN and EVNs were purified by dialysis until most of the residual acids in PVN and EVNs were removed. Degrees of nitrations were measured by elemental analysis using a Yanako CHN Corder MT-5 and are summarized in Tab 
Differential scanning calorimetry (DSC)
Blend samples were annealed at the desired temperature for 2 h and then quenched in liquid N 2 . For the samples, DSC measurements were performed with a Du Pont 910 DSC under dry N 2 flow at a heating rate of 10 K/min.
Infrared (IR) spectroscopy
FTIR measurements were carried out using a JEOL WINSPEC-35 FTIR spectrometer at a resolution of 2 cm -1 . Therefore, it is considered that the miscibility of blends of PVN with carbonylcontaining polymers is affected by interactions between component polymers rather than other parameters, such as molecular weight. While a positive deviation from the linear additivity rule is known to exist in blends of dissimilar miscible polymer pairs and complexes exhibiting strong associations between components [5, [26] [27] [28] [29] , no such associations were thought to exist between PVN and PVMK. Therefore, in an attempt to investigate this anomalous finding, PVN/PVMK blends were tested for the presence of such strong associations using FTIR analysis. Fig. 3 shows the FTIR spectra of the NO 2 and carbonyl stretching regions of PVN/ PVMK blends. The absorbance peaks around 1640 cm -1 and 1710 cm -1 are attributed to the anti-symmetrical stretching band of NO 2 (ν a (NO 2 )) and the stretching band of C=O (ν(C=O)), respectively. Since wavenumbers at the peak of ν(C=O) are constant with varying blend compositions, carbonyl groups of PVMK have nothing to do with the formation of attractive interactions. On the other hand, the wavenumbers at the peak of ν a (NO 2 ) are constant only for the blends (1640 cm -1 ), but not for pure PVN (1630 cm -1 ). In other words, this indicates that intramolecular associating bonds of PVN are dissociated by blending with PVMK. Therefore, it is believed that this phenomenon is due to the fact that the electrostatic repulsions between side groups of PVN are moderated by dilution because of blending with PVMK. As a result, the positive deviation of T g of the PVN/PVMK is explained as follows: In pure PVN, the free volume of PVN is expanded due to electrostatic repulsion. On the other hand, the repulsions in PVN/PVMK blends are much weaker because PVMK shields the electrostatic repulsions between PVNs. Therefore, because the actual free volume of PVN/PVMK blends is much smaller than that of only PVN, the T g 's of blends become much higher than the average T g of the pure components. PVMK and random copolymers containing VN should be quite different from that of PVN/PVMK blends. Fig. 4 shows DSC thermograms of EVN27/PVMK blends annealed at 50˚C. Since most blends show two glass transitions, the EVN27/PVMK blends are immiscible in most compositions and experimental temperatures. The introduction of only 27 mol-% of ethylene units into PVN enhances its immiscibility in blends with PVMK. However, since EVN27/PVMK 80/20 and 90/10 (w/w) blends annealed at 50˚C show a single glass transition, they form miscible blends at 50˚C. Therefore, the EVN27/PVMK blends are expected to a show phase transition with varying annealing temperature. Fig. 4 . DSC thermograms for EVN27/PVMK blends annealed at 50˚C Fig. 5 shows DSC thermograms of EVN27/PVMK 20/80 (w/w) annealed at several temperatures. Thermogram I is that of a blend annealed at 50˚C. Since it clearly shows a single glass transition, the blend is miscible at 50˚C. To the contrary, thermograms II and III of blends annealed at 60 and 70˚C, respectively, show two glass transitions. Therefore, the blends are immiscible at 60 and 70˚C. The higher T g 's in the phase-separated blends seem to be at the same temperature as the T g of the miscible blends. It is considered that this result is caused since the amount of the lower-T g phase is much smaller than that of the higher-T g phase. Since the higher T g is lower than the T g of pure PVMK, the higher-T g phase is composed of blends containing much EVN27. This suggests that the saturated miscibility of EVN27 with PVMK becomes smaller with elevating temperature. However, if this transition occurred by any different reasons from simple phase separation, thermo-reversibility should not appear. Thermogram IV is of a blend that was annealed at 70˚C for 2 h first and then at 50˚C. This thermogram shows a single glass transition indicating a miscible state. Same changes of the DSC thermograms of these blends were reproduced for same and other samples. Since thermo-reversibility is confirmed in the phase transition of the blend, it is concluded that the transition is a thermodynamic phase separation. On the basis of these results, the phase diagram of EVN27/PVMK blends was drawn. Fig. 6 shows the phase diagram of these blends determined from DSC measurements on blends annealed at various temperatures and quenched in liquid N 2 . The system EVN27/PVMK forms miscible blends in a narrow temperaturecomposition range of EVN27-rich blends. Figs. 7 and 8 show DSC thermograms of EVN38/PVMK and EVN48/PVMK blends, respectively, annealed at 50°C. All blends show two glass transitions corresponding to the T g ' of component polymers. These features of the thermograms of EVN38/ PVMK and EVN48/PVMK blends are unchanged with changing annealing temperature. Therefore, EVN38 and EVN48 are immiscible with PVMK at most compositions and temperatures. According to literature concerning phase behaviour in polymer blends containing random copolymers, EVN/PVMK blends were expected to be miscible because PVN/PVMK blends are miscible and VN units are considered to be repulsive with ethylene units [14] [15] [16] [17] [18] [19] [20] [21] [22] . However, EVNs are almost immiscible with PVMK. If the PVN/PVMK blends were miscible with strong association between different components, the results for the EVN/PVMK blends should be reasonable because the density of association between the components was decreased in EVN/PVMK blends. However, as mentioned above, no attractive interactions were observed between PVN and PVMK. Therefore, the enhanced immiscibility of EVN/ PVMK blends is caused by the fact that intramolecular repulsive interactions between VN units are moderated due to the presence of ethylene comonomers. 
Results and discussion
